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(57) ABSTRACT

A light source unit, for supplying light via a light guide to
a remote location, comprises a support for supporting a light
source and a light guide 1n a prescribed alignment relative to
cach other, the support comprising a first part for supporting
the light source, a second part for supporting the light guide,
and at least first and second light baflles between the first
part and the second part, the first and second batlles each
having an aperture for passing only a portion of light from
the light source incident upon the batlle, the arrangement
being such that light from the light source must pass through
the apertures 1n both bafiles to be incident upon the light
guide. A mounting arrangement for replaceably mounting a
gas discharge lamp or the like having longitudinal and
transversal fiduciary surfaces comprises guide rails for guid-
ing the lamp as it 1s mserted transversely with the longitu-
dinal fiduciary surfaces sliding along a reference surface
until transversal fiduciary surfaces engage one or more
Stops.
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LIGHT SOURCE UNIT FOR USE WITH A
LIGHT GUIDE AND LAMP MOUNTING
ARRANGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. Provisional
patent application No. 60/419,083 filed Oct. 18, 2002, the

contents of which are incorporated herein by reference.

DESCRIPTION

1. Technical Field

This mvention relates to a light source unit for use with a
light guide and 1s especially applicable to light source units
of the kind i which light from a light source, for example
an arc-type gas discharge lamp or other high brightness light
source that generates significant heat, 1s focussed onto a
proximal end of a light guide and conveyed by the light
guide to 1lluminate a target/position at 1ts distal end.

2. Background Art

For a variety of reasons, 1t may be desirable to position a
light source unit at a position remote from a target or
position to be 1lluminated and convey the light to 1t by way
of a light guide. The exact reason will depend upon the
application, but may be the fact that the light source unit 1s
a source ol heat, noise and/or vibration, or 1s simply too
bulky:.

Typical applications include microscope illumination,
lighting for surgical, medical and dental procedures, display
device 1llumination, spot curing of adhesives and coatings,
both 1n industrial applications and in dentistry, and so on.
Typical light sources include incandescent lamps and gas
discharge lamps, while typical light guides include glass
optical fibers, plastic optical fibers, either individually or 1n
bundles held together by metal ferrules, larger cross-section
plastic waveguides, and liqud-filled light guides which are
sealed at each end using optically transparent windows.
Generally, liquid-filled light guides provide better transmis-
sion efliciencies than light gmides comprising glass optical
fibers, but the latter can tolerate higher temperatures, which
1s important 11 optical power must be maximized. In general,
most applications require optical power to be maximized but
design compromises must oiten be made with the selection
of the light guide.

The electronic-to-optical efliciency of a typical 100 W or
120 W gas-discharge lamp 1s perhaps 1n the range from 5%
to 10%, so 90% to 95% of the electrical energy 1s converted
to heat, which must be removed 1f the life of the lamp 1s not
to be shortened unduly. Also, not all of the light from the
light source enters the light guide and that which does not 1s
converted to heat. Moreover, when light from such a light
source 1s focussed at the proximal end of the light guide, it
causes local heating, which may damage the light guide,
especially 1t the light guide 1s of plastics material or liquid.
Commercially available light guides can tolerate tempera-
tures up to 60-65° C. used mtermittently, or 50-55° C. in
continuous use. Known fiber bundles can tolerate higher
temperatures, perhaps as high as 70° C. for continuous use,
provided the adhesives used have low optical absorption and
a high temperature compatibility.

Known light source units employ various combinations of
measures to avoid overheating of the light guide and other
components. These measures may include positioning the
end of the light guide away from the focussing point of the
light; filtering the light to remove inifrared wavelengths;
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interposing a transparent medium between the light source
and the light guide to act as a heat filter; providing fans to
cool the housing containing the components; directing cool-
ing air onto the end of the light guide or an associated
ferrule; and using heat sinks to conduct heat away from the
end of the light guide and dissipate it.

For example, U.S. Pat. No. 5,838,860 (Kingstone et al.)
discloses a light source unit 1n which the ends of the fibers
are positioned between the foci of an ellipsoidal retlector so
that intense concentration of light 1s avoided. In addition, a
plate of heat-absorbing glass 1s provided between the light
source and the ends of the fibers and cooling air 1s blown
across an optical bench support which supports the light
source and the ends of the fibers. U.S. Pat. Nos. 5,295,052
and 5,961,203 disclose light source units which use heat
sinks. More particularly, U.S. Pat. No. 5,295,052 (Chin et
al.) discloses a lamp mounted between a pair of heat sinks
cooled by air drawn through the housing by a fan. U.S. Pat.
No. 5,961,203 (Schuda) discloses a light source unit in
which a high intensity lamp 1s mounted between four
half-shell heat sinks, with cooling air being blown through
the hali-shells.

U.S. Pat. No. 5,664,864 (Kuth) uses heat sinks to conduct
heat away from a container of optically transparent fluid
interposed between the lamp and the light guide, heat
generated at the light entry face of the waveguide being
convected away by the fluid and dissipated by the heat sinks.

U.S. Pat. No. 4,986,622 (Martinez) and U.S. Pat. No.
5,761,356 (L1) also disclose arrangements 1n which a trans-
parent medium 1s interposed between the light source and
the light gmide. More specifically, the light from the high
intensity light source 1s conveyed to a low melting point
optical fiber via a high temperature optical fiber.

It 1s known to cool a ferrule or ferrules which are used to
couple the ends of light guide fiber(s) to the light source unat.
Thus, in U.S. Pat. No. 6,217,205 (Ward), a coupler having
terrules for connecting a bundle of optical fibers to a light
source 1s provided with fins for passive cooling, or channels
through which cooling air can be blown. U.S. Pat. No.
6,382,824 (Prasad et al.) discloses a light source unit 1n
which the fiber 1s connected to the housing by a conductive
bushing which conducts heat away from the end of the fiber
more efliciently than the usual rubber bushing. The coupler
1s cooled by air drawn though the housing by a fan.

Some known light source units employ quite elaborate
forced-air cooling arrangements. For example, U.S. Pat. No.
6,027,237 (Riser et al.) discloses a light source unit in which
light from a high intensity lamp passes through a “homog-
enizer’ rod to reach the light guide. Cooling air 1s directed
onto the fiber bundle and the homogenizer rod via a duct
which reduces 1n cross-section so that the pressure and
velocity of the air are increased. U.S. Pat. No. 6,200,012
(Ouyang) Mar. 13, 2001 discloses a light source unit 1n
which a fan for supplying cooling air 1s partially obstructed
so that a first stream of air at a relatively high velocity 1s
directed onto the proximal end of a fiber light guide and a
second stream of air at a lower velocity 1s directed onto the
light source 1tself. U.S. Pat. No. 6,201,916 (Rizkin et al.)
discloses a light source in which cooling air 1s blown directly
onto the end of the fiber light guide and then passes over
other components before being exhausted and mentions that
the velocity of the air may be increased by feeding the air
from a larger to a smaller plenum, or by using a tapered
plenum. U.S. Pat. No. 6,422,730 (Koren et al.) discloses a
light source unit having two compartments, one housing the
lamp and the other housing a receptacle for the light guide.
Each compartment has its own cooling fan; one delivering
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high volume cooling air to cool the lamp and the other
delivering high velocity air to cool the ends of the fibers.
In general, those known approaches introduce design
complexity and cost, or sacrifice optical coupling efliciency.
This 1s particularly apparent for U.S. Pat. No. 3,838,860
(Kingstone et al), U.S. Pat. No. 5,664,864 (Kuth), U.S. Pat.
No. 4,986,622 (Martinez), U.S. Pat. No. 5,761,356 (L.1) and
U.S. Pat. No. 6,027,237 (Riser et al) Introducing any ele-
ment 1n the optical path leads to some level of losses.
Thus despite this proliferation of cooling techniques,
known light source units of the kind used with a light guide
still are not entirely satistfactory, especially for use with low
temperature light guides, such as liquid light guides.

DISCLOSURE OF INVENTION

The present invention seeks to provide a light source unit
with improved heat control utilizing a method that 1s easily
implemented 1in manufacturing and does not add significant
cost to the product.

According to one aspect of the present invention, a light
source unit for supplying light via a light guide to a remote
location comprises a support unit for supporting a light
source and a light guide 1n a prescribed alignment relative to
cach other, the support unmit comprising a first part for
supporting the light source, a second part for supporting the
light guide, and at least first and second light baflles between
the first part and the second part, the first and second batlles
cach having an aperture for passing only a portion of light
from the light source incident upon the bafile, the arrange-
ment being such that light from the light source must pass
through the apertures 1n both batlles to be incident upon the
light guide.

The first and second parts of the support may comprise

first and second flanges, the first flange supporting a light
guide holder and the second flange having a mount for the
light source.
In preferred embodiments, the first and second batlles
both are connected to the support unit so as to provide a path
of high thermal conductivity between each of their respec-
tive apertures and other parts of the support unait.

Preferably, the support unit comprises a higher portion
extending between the first and second parts, and the first
and second baflles are connected to the first and second
parts, respectively.

Where the light guide comprises a waveguide and sur-
rounding ferrule, the bafiles preferably are dimensioned and
positioned such that substantially none of the light from the
source 1s 1ncident upon the ferrule.

The aperture 1n the baflle that 1s closer to the first part of
the support may be slightly larger than the aperture in the
batlle that 1s further from the first part of the support.

Such an arrangement 1s advantageous when the light
source generates a focused beam. The aperture sizes may
then be determined according to both the diameter of the
light guide, and the smaller of the angular spread of the light
source beam and acceptance cone of the waveguide.

The closer baflle may comprise an end wall of a truncated
conical baflle member mounted to the first flange with 1ts
mouth portion adjacent an opening 1n the light source mount.
Such a conical batlle advantageously reduces the amount of
light from the source that 1s incident upon the surrounding
interior of the light guide unit, thereby reducing cooling
requirements.

Preferably, the baflles, first flange and second flange are
integral parts of the support unit and are made of material
having a high thermal conductivity.
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The light source unit may comprise at least one fan for
directing cooling air from outside the light source unit to
cool both the light source and the support.

In a preferred embodiment, a duct 1s provided alongside
a portion of the support for directing cooling air along the
portion to cool the support. The duct may have an inlet
adjacent the light source mount and an outlet for exhausting
air exteriorly of a housing of the light source unit. An end
portion of the duct may protrude outside the housing and the
outlet open laterally of the end portion so as to direct air
towards the light guide when connected to the light source
unit.

The light source unit may have a housing partitioned to
provide a separate compartment enclosing the light source
and the support, and at least one fan for directing cooling air
from outside the housing onto the light source conveniently
via an opening communicating with the light source com-
partment.

It 1s usually desirable for the light source, for example an
arc-type gas discharge lamp, to be readily replaceable. It 1s
also 1mportant, however, for the replacement lamp to be
positioned and aligned very accurately so that the light 1s
focussed at the correct position relative to the light guide. In
known light source units, the lamps are so mounted that they
must be inserted and removed longitudinally, which 1s not
satisfactory where springs or clamps are provided to urge the
lamp longitudinally to seat frontal fiduciary surfaces against
a reference surtface. Removal of the lamp longitudinally
usually requires removal of the springs and, in some cases,
partial disassembly of the light source unit. Other known
light source units, most notably some desk-top projection
systems (1.e. PLUS systems) provide for transverse insertion
of the lamp via a lamp assembly. The lamp 1s mounted 1n a
moulded plastic assembly. This combined lamp-plastic
assembly forms a sub-assembly that 1s sold as a package.
Lamp alignment 1s achieved by first aligning the lamp on the
plastic assembly using fiducial surfaces. The sub-assembly
1s then aligned with the housing of the light source during
the insertion of the sub-assembly into the housing wvia
matching fiducial surfaces on the sub-assembly and the light
source housing.

This technique 1s expensive requiring the use of specialty
maternals 11 1njection molded, or machined parts if made of
metal.

It 1s also known to mount the lamp in a kind of drawer
which can be withdrawn from the housing to enable replace-
ment of the lamp. Such an arrangement 1s used in a light
source marketed by the EXFO Photonic Solutions Inc. as
model No. N2001-A1. These arrangements are not entirely
satisfactory, however, because they tend to be complex and
expensive to design and make.

The above-mentioned U.S. Pat. No. 5,295,052 (Chin et
al.) discloses mounting of the light source between a pair of
heat sinks that are carried by rails, enabling the heat sinks,
and hence the lamp, to be slid longitudinally into and out of
the housing for replacement of the lamp.

According to a second aspect of the invention, there 1s
provided a light source unit for use with a replaceable lamp
umit comprising an elliptical reflector having a ceramic
mounting ring attached to 1ts rim, the ceramic mounting ring
having frontal fiduciary surfaces precisely positioned lon-
gitudinally relative to a point light source of the lamp unat,
and transverse fiduciary surfaces precisely positioned later-
ally relative to the point light source, the frontal fiduciary
surfaces each extending around a part only of the ceramic
ring, wherein the light source unit comprises a lamp support
having a reference surface to receive the ceramic mounting
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ring so that the ring extends around an opening in the lamp
support surface, a pair of guide rails disposed one on each
side of the opening, a pair of stops protruding axially from
the reference surface between the guide rails at one end
thereol, the stops being spaced apart and oriented so as to
mate with a pair of the transverse fiduciary locating surfaces
of the lamp, the guide rails being spaced from the reference
surface so as to engage opposite sides of the ceramic ring of
a lamp being 1nserted laterally therebetween but to provide
clearance once the lamp has been fully inserted, the light
source unit further comprising clamping means engageable
once the lamp has been fully inserted, to urge the lamp
longitudinally to force its frontal fiduciary locating surfaces
into contact with the reference surface and to urge the lamp
laterally to force a pair of the transverse fiduciary locating
surfaces against the stops.

Thus, the guiding rails do not contact the ceramic ring
once the lamp 1s fully inserted. They prevent tilting of the
lamp during insertion, providing protection for the arc tube
portion of the lamp.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will now be described,
by way of example only, with reference to the accompanying,
drawings in which:

FIG. 1 1s a schematic plan view of a light source umt
comprising a housing containing a light source and having
a port for connection of a light guide for conveying light
from the source to a remote location;

FIG. 2 1s a top view of the light source unit;

FIG. 3 1s a schematic plan view of a support for the light
source and the port;

FIG. 4 1s an end view of the port;

FIG. 5 1s a side view of the port;

FIG. 6 1s a detail side view of a portion of a light guide
holder with an integral light baflle and a separate conical
light batile;

FIG. 7 1s a side view of the light source;

FIG. 8 1s an end view of the light source;

FIG. 9 1s a detail side view of the light source and its
mounting;

FIG. 10 1s a detail top view of the mounting with the light
source partially installed;

FIG. 11 15 a perspective view of the lamp mounting; and

FIG. 12 1s a perspective view of the light source unit.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows a light source unit comprising a housing 12
with a side panel and a top panel removed to expose the
components i1nside the housing 12. A generally C-shaped
support 14 having spaced first and second flanges 16 and 18
1s mounted 1n the housing 12 with the outermost surface of
flange 16 secured to a rear wall 20 of the housing 12 so tat
a web portion 22 of the support 14 extends in cantilever
tashion perpendicularly to the rear wall 20 and the other
flange 18 depends from 1ts distal end. A hole 24 extending
through the flange 16 registers with a hole 1n the rear wall
20 and a slot 26 extends laterally from hole 24 to the edge
of the flange 16. Screws 28 extend through clearance holes
in the lower part of flange 16 to engage in screwthreaded
holes 1n the upper part of flange 16 and serve to draw the two
parts together. One end of a light guide holder 30 extends
into hole 26 and 1s clamped therein by tightening of screws
28. The body of light guide holder 30 protrudes 1n cantilever
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fashion from an internal surface of flange 16. A cylindrical
hole 32 through the portion of light guide holder 30 adjacent
and 1n the flange 16 1s sized to receive a female 34 coupled
to a light guide 36, shown detached 1n FIG. 1 to facilitate the
description, and thus constitutes a light gmide port. Where
the light guide 36 1s the liquid-filled type, the ferrule 34 wall
have a central transparent window for example of quartz, to
receive incident light and convey it to the liquid-filled
section of the light guide.

Referring also to FIGS. 3 and 6, a conical light batile 38
protrudes from the internal surface of flange 18 and 1s
truncated by an end wall 40 adjacent the light guide holder
30. The conical batlle 38 1s hollow, having a conical interior
recess 42, and 1s attached to the flange 18 by 1ts wider end
portion 44 which a press-fit in a hole 46 1n flange 18. The
hole 46 1s cylindrical and the wider portion 44 of conical
batile 38 also 1s cylindrical and has a diameter such that it
1s a press-1it 1n the hole 46.

A light source 48, specifically a lamp comprising a 120 W
high-pressure metal-halide arc tube 50 (see FIG. 7) and an
cllipsoidal reflector 52, 1s mounted onto the outer surface of
flange 18. The maximum diameter of the retlector 52 1is
approximately equal to the diameter of the mouth of the
conical baflle 38, so as to direct light into the conical baflle
38. The actual mounting arrangement will be described
hereinatter.

As shown 1n FIG. 7, the neck portion 54 of reflector 52 1s
secured to a ceramic base 56. One end of arc tube 50 1s
iserted mnmto a ceramic base 56 and secured therein using
ceramic cement. Power supply leads 60 and 62 from a
connector bracket 64 (see FIGS. 1 and 2) mounted adjacent
a front panel of the housing 12 are connected to rear and
front terminals 66 and 68, respectively, of the arc tube 50.

As can be seen from FIG. 2, a longitudinal dividing wall
70 separates the housing 12 into a first compartment 72
(visible in FIG. 1) and a second compartment 74, the
latter-housing a power supply unit 76 and a ballast unit 78
for arc tube 50. The connector block 64 i1s connected to the

power supply unit 76 which 1s controlled by an on/ofl switch
77 (F1G. 12) on a front panel 80.

As can be seen more clearly in FIGS. 3, 5 and 6, the light
guide holder 30 has a V-shaped notch 82 in one side. One
wall 84 of the notch extends perpendicular to the optical axis
for a major part of the diameter of the holder 30, leaving a
flange 86, perpendicular to the optical axis, adjacent that end
of the holder 30 juxtaposed to the conical baflle 38. The
other, inclined wall 88 of the notch 82 extends inwardly
from the opposite end of the holder 30 to meet the flange 86
at 1ts mnermost end. The flange 86 serves as a light batlle,
having a small central aperture 90 to pass light to the light
guide via a similar, but smaller, coaxial aperture 92 1n the
adjacent end wall 40 of the conical batlle 38.

As shown 1n FIG. 4, the portion of the light guide holder
30 which surrounds the middle portion of the ferrule 34 has
slots 94A and 94B which extend one each side of the hole
32 through the holder 30 and communicate with 1t. A
U-shaped retaining spring 96 (see FIG. 5) has arms 96 A and
968 extending 1n slots 94A and 94B, respectively. As shown
in FIG. 1, the ferrule 34 has a circumierential groove 98. As
the ferrule 34 1s being inserted 1nto the light guide port 32,
it forces arms 96A and 96B apart. When 1t 1s fully 1nserted,
the spring arms 96 A and 96B engage 1n opposite sides of the
groove 98 to retain the ferrule 34 and prevent 1ts accidental
removal. The ferrule 34 can be removed by applying sufli-
cient axial force to flex the arms 96A and 96B apart and out
of the groove 98.
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The position of the groove 98 along the length of the
terrule 34 1s such that, when the ferrule 34 1s fully inserted,
the spring arms 96A and 96B apply force to the ferrule 34
to urge 1t inwards so that i1ts end 1s pressed against the end
wall 86, which thus acts as a mechanical stop as well as a
light baflle. Such an arrangement provides for consistent
positioning of the end of the light gmide and good thermal
contact between the end of the ferrule 34 and the bafile 86.

The light guide holder 30 serves as both a heat sink and
a heat conduit for heat generated in the light guide by the
small amount of light which 1s incident upon the edge
between the ferrule 34 and the window of the light guide, as
well as by the small amount of optical radiation absorbed 1n
the optical window. It should be appreciated that, although
only a small amount of thermal energy 1s deposited directly
into the light guide, 1ts temperature can easily rise to beyond
the maximum allowed since the ferrule 34 has a low thermal
mass. Hence, it 1s important that an effective thermal bridge
be provided between the light guide holder 30 and the light
guide ferrule 34.

The light guide holder 30 has a metal safety shutter 100
in the form of a thin metal shuim attached at one end, by
screws 102, to the inclined wall 88. The shutter 100 1s
resilient, e.g. spring steel, so that, when the light guide
terrule 34 1s removed, the shutter 100 lies flat against the
inclined wall 88 and covers the inner end of hole 32 through
the light guide holder 30 to prevent light exiting through the
port. As the light guide ferrule 34 1s mserted 1nto the port 32,
its end displaces the shutter 100 which flexes open. When
the light guide ferrule 34 1s fully inserted, the shutter 100 1s
tully open and allows light from the lamp 48 to enter the end
of the ferrule 34 and hence enter the light guide 36.

The shutter 100 could, of course, be a rigid plate fastened
by hinges and urged closed by one or more separate springs.

The cone axis CA of conical batlle 38 and the cylindrical
axis LA of the light guide holder 30 are coincident and
define an optical axis of the light source unit. The lengths of
the holder 30 and the conical batlle 38 are such that a small
gap 104 1s left between the adjacent surfaces of the two
batlles 40 and 86.

It should be noted that the apertures 90 and 92 in the
holder light batfile 86 and the conical baflle end wall 40 are
quite small. To reach the light guide, light from the lamp 48
must pass through both apertures 90 and 92, whose sizes and
spacings are selected so that they substantially prevent light
from 1mpinging upon the ferrule 34, and heating 1t. As the
light from the lamp 48 1s focussed onto the light guide, 1t 1s
converging, so the diameter of aperture 90 1n the light guide
batlle 86 1s marginally smaller than the diameter of aperture
92 1n the conical batile end wall. Thus, any light which 1s not
destined to enter the light guide 1s deemed spurious and 1s
blocked by the baflles, and heat generated by the spurious
light 1s conducted to other parts of the support 14.

The light gmide holder 30, support 14, integrated batile 86
and conical baille end wall 40 are of metal having good
conductivity, for example aluminum, so that heat generated
by the light impinging upon the baflles 40 and 86 1s
conducted away from them, via the holder 30 and conical
batlle 38, respectively, to the body of support 14 for dissi-
pation. The support 14 and lamp 48 are cooled by directing
cooling air onto them, as will be described later.

As can be seen from FIGS. 4 and 6, the integrated light
batlle 86 also has a circular recess 106 to receive the end of
the ferrule 34 as a close fit so as to center the light guide on
the optical axis of the unit; 1t also provides a counter force
transverse to the optical axis to that created by the displaced
satety shutter spring 100.
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The first compartment 72 1s partitioned by a second
dividing wall 108 to form a lamp compartment 110 contain-
ing the lamp 48, support 14, conical baflle 38 and light guide
holder 30. The connector block 64 1s mounted outside the
lamp compartment 110. The dividing wall 108 has a first
section 108 A extends forwardly from a distal edge of flange
16 and generally parallel to the bottom of the housing 12,
ending at a position between the lamp lead connector
bracket 64 and the lamp 48 and a second portion 108B
extending from that distal end of the first section 108A,
curving around the lamp 48, and then extending generally
parallel to the top of the housing 12, alongside, but spaced
from, the web portion 22 of support 14. When the side panel
of the housing 12 1s attached, it abuts the edges of the
dividing wall 108 to close off the lamp compartment 110.

A hole 112 1s provided 1in dividing wall section 108A at a
position adjacent the lamp 44 and a first fan 114 mounted to
the dividing wall section 108A draws cooling air into
housing 12 by way of vents (not shown) in the side panel(s)
(not shown) and then blows 1t directly onto lamp 48 by way
of hole 112. An exhaust duct 116, of generally rectangular
cross-section, extends between the web portion 22 of the
support 14 and the straight portion of dividing wall section
108B. The exhaust duct 116 has short sidewalls 118 extend-
ing between the dividing wall section 108B and the adjacent
surface of support 14 but otherwise the exhaust duct 1s
formed by the surface of support 14, the opposed portion of
dividing wall section 108B, the adjacent section of longitu-
dinal dividing wall 70 and the side panel.

The exhaust duct 116 has an intake opeming 120 aligned
with the surface of flange 18 and thus adjacent the lamp 48
to recerve cooling air which has passed over the lamp 48.
The curved portion of dividing wall section 108B helps to
direct the air flow into the mntake 120, A discharge end 122
of duct 116 protrudes through a hole 124 in the rear wall 20
of the housing 12 and has a lateral opening 126 facing
towards the light guide port 32. Hence, 1n use, air leaving the
exhaust duct 116 will be directed onto the protruding ferrule
34 to provide additional cooling. The interior of the duct 116
1s black which, together with the lateral opening, reduces
leakage of light and prevents direct viewing of the interior
of lamp compartment.

It should be noted that cooling air passing through the
exhaust duct 116 1s 1n direct contact wit the adjacent surface
of the support 14 (portion 22), which 1s more eflicient than
would be the case 1f a duct wall were interposed.

If desired, an opening may be provided 1n the web portion
22, near the rear wall 20, to exhaust air from the vicinity of
the light guide holder 30 directly.

A second fan 128, mounted adjacent the lamp lead con-
nector bracket 64, also draws air 1into the housing 12 by way
of the vents but directs the cooling air through a hole 1n
longitudinal divides wall 70 into the second compartment 74
where a curved batlle 130 directs 1t onto the power supply
unit 76 and the ballast unit 78.

The front panel 80 carries the usual display electronics,
control switches, and so on, which are not shown or
described 1n detail with a view to simplification. The multi-
function support assembly 1s a particularly simple and
cllicacious approach to heat control. Typically, the end of the
light guide comprises a quartz rod about 3 mm 1n diameter
surrounded by a metal ferrule about 6 mm 1n diameter. If
light were allowed to impinge upon the ferrule, it would
cause heating, which would negate cooling of the ferrule and
light guide by the cooling air. The two-stage light baflle
arrangement (40, 86) progressively blocks heat by selec-
tively passing light rays generated by the lamp 48 while
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keeping secondary sources of heat spatially removed from
the entrance face of the light guide. Heat generated by the
blocked light 1s conducted efliciently away from the light
guide. Moreover, forcing the light guide ferrule against the
light baflle 86 by means of the retaining/positioning spring
96 allows the batlle to serve as a heat sink. The conical batile
38, which provides the first-stage light restriction, restricts
the light drastically and so absorbs most heat, but can
conduct 1t away and dissipate 1t efliciently because 1t 1s
connected to web portion 22 by a path which has a relatively
high thermal conductivity. The gap 104 between the two
batlles 40 and 86 provides thermal insulation between
conical baflle 40, where most of the heat will be generated,
and baflle 86, which acts dually as a heat sink and heat
conduit. Thus, heat generated in the baflles 40 and 86 1s
conducted to the web portion 22 which 1s actively cooled.

Advantageously, the conical baflle 38 also prevents extra-
neous light from 1mpinging upon the surrounding housing
and heating it up. The combination of the two light batlles
40 and 86 allows such precise control that it 1s possible to
substantially avoid light impinging upon the ferrule 34 and
heating 1t up.

Optionally, an aperture/shutter maybe provided, as shown
in FIGS. 1 and 6, 1n the form of a plate 132 mounted upon
a rotatable rod 134 extending parallel to the optical axis and
to one side of 1t so that the plate 132 protrudes into the gap
104. Rotation of the control rod, conveniently by a thumb-
wheel on the front-panel, allows different sizes of aperture in
plate 132 to be mterposed between the apertures 90 and 92.
The largest aperture in the plate could be oversized so that
it provided no restriction at all. The remaining apertures
could be progressively smaller so that, when interposed,
they would each restrict the light to such an extent that the
second aperture 90, 1n the light guide holder batile 86, would
be mellective. The plate 132 could be used as a shutter by
rotating 1t to interpose a portion of the plate having no
aperture, thereby blocking light from reaching the aperture
92.

Advantageously, in embodiments of the present imnven-
tion, the one, multi-function support 14, with its integral
parts, not only supports both the light source 48 and the light
guide holder 30 and positions and aligns them accurately
relative to each other, but also provides heat shielding, heat
diffusion and dissipation, and positioning and alignment of
the variable aperture and shutter (where applicable), and
even acts as an air baflle controlling air flow over the arc
tube 50.

It will be appreciated that, because the apertures 90 and 92
in the batlles 86 and 40, respectively, have to be small 1n
order to confine the light so precisely, and the light guide
window, which constitutes an aperture to receive the light,
also 1s small and must be accurately located in the focal
plane of the lamp 48, the lamp 48 must be mounted very
precisely both longitudinally and laterally so that the light 1s
tocussed precisely through the apertures 90 and 92 and onto
the end of the light guide; yet it must be readily replaceable.
These requirements are met by a novel and advantageous
mounting arrangement which will now be described with
reference to FIGS. 7 to 11.

The light source (lamp) 48 1s accurately mounted relative
to the support 14 by means of a series of reference or fiducial
surfaces located on a frontal ceramic ring 136 of the lamp
48. These same reference or fiducial surfaces are used by the
manufacturer during lamp assembly. As was described ear-
lier with reference to FI1G. 7, the elongate arc tube 50, which
produces light by gas discharge, has one end cemented 1nto
socket 58 1n the ceramic (rear) base 56. The neck or
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narrower end 54 of retlector 52 1s secured to the ceramic
base 56 and its wider, nm portion 1s secured to the ceramic
ring 136. The ceramic ring 136 has two diametrically-
opposite notches 138 and 140 in 1ts front surface, leaving
two diametrically-opposite arcuate shoulder portions 142
and 144 each having such a length as to subtend an angle of
about 90 degrees at the centre of the ring 136. Frontal
surfaces 146 and 148 of the shoulder portions 142 and 144,
respectively, are coplanar and perpendicular to the optical
axis, and serve as longitudinal locating surfaces 146 and
148. Thus, when the lamp 48 1s mounted onto the support 14,
as shown 1n FIG. 9, the longitudinal locating surfaces 146
and 148 abut the outermost surface of depending flange 18
of support 14 and establish the longitudinal position of the
lamp 48, and hence the focal plane, relative to the light guide
holder 30 and, indirectly, the end of the light guide, when
installed.

As can be seen more clearly i FIG. 8, the ceramic ring
136 also has four transverse locating surfaces 150A, 1508,
150C and 150D substantially equally spaced from each other
about the circumierence of the ceramic ring 136, and each
at an end of one of the shoulder portions. In practice, only
two of the transverse locating surfaces need be used to
provide lateral alignment, as will be described later. The
transverse locating surfaces 150A, 1508, 150C and 150D
are mnermost surfaces of four stepped pads 152A, 152B,
152C and 152D, respectively, which protrude radially from
the circumierential surfaces of the shoulder portions of
ceramic ring 136 and form a diameter D2. Surfaces 150A,
1508, 150C and 150D are at the same radial distance from
the optical axis and, as shown i FIG. 8, diametrically
spaced by a distance DI1. Hence, pads 152A to 152D
protrude slightly from the surface of ceramic ring 136 which
has a diameter D2. The notches 138 and 140 between the
shoulders allow cooling air to reach the arc tube 50 when 1n
operation.

Referring now to FIGS. 9, 10 and 11, a pair of guide rails
154 and 156 are attached to the outermost surface of support
flange 18 to extend parallel to each other on opposite sides
of the mouth of the conical bafile 38, each with the same
spacing {rom the flange surface. Guide rail 154 1s attached
by posts 158A and 158B at 1ts opposite ends and guide rail
156 1s attached by posts 160A and 160B at 1ts opposite ends.

As 1s shown also 1n FIG. 3, a spring retaining clip 162
secured to one side of the support flange 18 protrudes
longitudinally into the adjacent opening between the ends of
the guide rails 154 and 156. An clongate bracket 164 extends
longitudinally from the opposite side of support flange 18
and carries at 1ts distal end a U-shaped lamp retaining spring
166. The retaining clip 162 preferably 1s a “quick release”
fastener of the kind 1in which the clip will remain in the
“release” position when drawn back, which facilitates one-
handed operation.

In order to 1nstall the lamp 48, the spring retaining clamp
162 1s opened and the lamp 48 1s slid laterally between the
guide rails 154 and 156 with one of the shoulder portions
between the rails. The shoulder portions of the ceramic ring
136 overhang the guide rails 154 and 156 slightly. As can be
seen from FIG. 10, the spacing between the guide rails 154
and 156 1s greater than the distance D3 between extremities
of each of the shoulder portions but less than the diameter
D2. When the lamp 48 i1s being inserted, mnitial contact 1s
made between one of the longitudinal locating surfaces and
the surface of flange 18 of support 14, as well as between the
guide rails 154 and 156 and the notch surfaces.

The guide rails 154 and 156 serve to prevent the lamp
from being iserted at a skew angle large enough to allow
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the arc tube 50 to strike the edge of the support 14, which
could result 1n i1t being damaged. The outermost surfaces of
the guide rails 154 and 156 are spaced from the flange 18 by
a distance that 1s less than the distance by which the shoulder
portions protrude beyond the bottoms of notches 138 and
140. This spacing ensures that, once the lamp 48 has been
tully 1nserted, i1t does not rest on the guide rails 154 and 156.

The spacing between the guide rails 154 and 156 1s such
that the lamp 48 can be inserted with one of only two
possible axial orientations (with respect to the optical axis).
If 1t were necessary/desirable to reduce the number of
possible orientations to one, a radial notch or hole 168 could
be provided 1n the ceramic ring 136, as shown 1n FIG. 8, to
receive a locating pin (not shown) installed on flange 18 in
an appropriate position to mate with hole 168 when the lamp
was fully inserted.

As the lamp 48 1s being inserted, the arms of the U-shaped
lamp spring 156 bear against the outer surface of the
reflector 48 and provide a retaining force directed along the
optical axis. When the lamp 44 i1s iserted a suflicient
distance, the second longitudinal locating surface mates with
the support 14, at which time the notch surfaces and guide
rails lose contact. As the lamp 48 1s mserted turther, even-
tually 1t abuts a ledge on the surface of the flange. The ledge
has stop surfaces 170A and 170B to engage the leading pair
ol transverse locating surfaces of the ceramic ring.

The spring retaining clip 162 1s then closed to hold the
lamp 48 1n place and urge 1t laterally to ensure positive
engagement between the stops 170A and 170B and the
corresponding transverse locating surfaces, and thereby
locate the lamp 48 accurately in the transverse direction, 1.e,
with the arc tube 50 centered on the optical axis. A stop 172
of resilient material, such as rubber or Tetlon (Trade Mark),
1s provided on the spring clip 162 to provide a slightly elastic
contact between the clip and the ceramic ring 136.

It should be noted that embodiments of the mvention
employing guide rails 154 and 156 to guide the lamp 48
during insertion, but which do not contribute to positioning
of the lamp 48 once 1s has been installed, facilitate ease of
insertion, lack of ambiguity for lamp orentation and pro-
tection for the arc tube 30 during insertion.

Removal of the lamp for replacement purposes simply
involves releasing the spring clip 162 and sliding the lamp
48 transversely until 1t clears the guide rails 154 and 156. It
has been demonstrated that a technician can replace the lamp
in about 60 seconds, 1n contrast to the several minutes to
hours taken to replace lamps in many known systems,
especially those which have a large number of positioning
controls (4-6 degrees of movement) such as are mounted
directly onto a microscope.

Embodiments of the invention are especially suitable for
microscope 1llumination systems because they use a short-
arc light source, which 1s suitable for brightfield or darkfield
illumination, or for fluorescent applications where the
sample under examination 1s viewed using light emitted
from a florescent sample excited by light from the light
source unit. It should be appreciated, however, that light
source units embodying this invention could be used for
other applications, and could use other kinds of light
sources, such as tungsten lamps.

It should also be appreciated that, unlike the batlles
disclosed 1n U.S. Pat. No. 6,027,237 (Riser et al), U.S. Pat.

No. 6,200,012 (Ouyang), and U.S. Pat. No. 6,201,916 (Riz-
kin et al), the baflles employed in embodiments of the
present invention are not used to aflfect airtlow direction and
speed, but rather as light batflles and passive cooling devices,
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and rely on thermal conduction of heat energy from the
region of the end of the light guide to a remote heat sink.

It should also be appreciated that the lamp-mounting
arrangement 1s not limited to use with light sources having
the light baflle arrangement disclosed herein, or even to light
sources used with light guides, but could be employed more
generally, wherever such lamps are used.

INDUSTRIAL APPLICABILITY

An advantage of the baflle and heat control arrangement
according to this mvention 1s that 1t allows use of liquid
guides with high intensity discharge lamps without exceed-
ing temperature specifications for the light guide.

An advantage of the lamp mounting arrangement dis-
closed herein 1s that 1t may reduce the duration of the lamp
isertion/alignment process to less than a minute, whereas
with known microscope i1lluminators, this process may take
from 30 minutes to more than one hour.

The 1mnvention claimed 1s:

1. A light source unit, for supplying light via a light guide
to a remote location, comprising a support for supporting a
light source and a light guide 1n a prescribed alignment
relative to each other, the support comprising a first part for
supporting the light source, a second part for supporting the
light guide, and at least first and second light baflles between
the first part and the second part, the first and second batlles
cach having an aperture fur passing only a portion of light
from the light source incident upon the batlle, the arrange-
ment being such that light from the light source must pass
through the apertures in both batlles to be incident upon the
light guide.

2. A light source unit according to claim 1, for supplying
light to a said light guide having at least one ferrule for
coupling to the light source unit, wherein the batlles are
dimensioned and positioned so as to substantially avoid light
from the source being incident upon the ferrule.

3. A light source unit according to claim 2, wherein the
aperture 1 the baflle that 1s closer to the first part of the
support 1s slightly larger than the aperture in the bafile that
1s further from the first part of the support.

4. A light source unit according to claim 3, wherein the
first batlle comprises a truncating end wall of a conical baflle
member having a mouth portion, a mounting being provided
at the mouth portion for mounting the light source so as to
direct light 1into the conical batlle member.

5. A light source unit according to claim 1, wherein the
batiles, first part and second part are integral parts of the
support and are made of material having a high thermal
conductivity, and a fan 1s provided for directing cooling air
onto both the support and the light source.

6. A light source unit according to claim 5, further
comprising a duct for directing cooling air across a major
surface of the support.

7. A light source unit according to claim 5, wherein the
light source unit has a housing partitioned to provide a
compartment enclosing the light source, support and light
guide holder, and the fan 1s positioned outside the compart-
ment to direct cooling air onto the light source via an
opening 1 a wall of the compartment.

8. A light source unit according to claim 6, wherein the
light source unit has a housing partitioned to provide a
compartment enclosing the light source, support and light
guide holder, and the fan 1s positioned outside the compart-
ment to direct cooling air onto the light source via an
opening 1 a wall of the compartment.
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9. A light source unit according to claim 1, further ond apertures, at least one of the apertures being having a
comprising a plate mounted between the first and second s1ze such that, when interposed, 1t restricts light to such an
apertures and having a plurality of apertures of different extent that the second aperture 1s substantially meflective.

s1zes, the plate being pivotally mounted for interposing the
plurality of apertures selectively between the first and sec- k0 k ok % ok
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